To the Editor: Advances in high-content fluorescence microscopy have driven the development of analytical approaches for extracting meaningful information from rich and complex biological image data. Algorithm development can be aided dramatically by using curated test data. To evaluate the generality and performance of new algorithms, test data should contain annotation on how images differ in terms of cell phenotypes, population heterogeneity and/or microenvironmental 1 effects. Currently there is a paucity of diverse, well-annotated data. A complementary approach is to use synthetically generated data, in which biological 1 and imaging 2 effects can be varied independently and 'ground truths' are known. Although approaches exist for rendering realistic cells 3, 4 , creating biologically realistic cellpopulation images has remained challenging: biomarker, cell and population phenotypes can be subtle, interconnected and system dependent. To deal with these challenges, we developed SimuCell (Supplementary Software; updated software available at http://www.SimuCell.org/), an open-source framework (Fig.  1a) for specifying and rendering realistic microscopy images containing diverse cell phenotypes, heterogeneous populations, microenvironmental dependencies and imaging artifacts.
search by choosing images from the results, marking them as positive (meaning 'retrieve more images similar to these') and negative ('exclude images similar to these') and repeating until satisfied. A stand-alone client that does not require a local copy of OMERO is also available (Supplementary Software). It permits users to choose images on their local computer, calculate features and find similar images in remote databases that have OMERO.searcher installed (Supplementary Note). (The next release of OMERO.searcher will support searching across multiple OMERO databases at different locations, assuming access rights.)
To test how well the searcher retrieves relevant images, we performed tests using two distinct fluorescence microscopy databases, PSLID and The Cell: An Image Library (The Cell; http://www.cell imagelibrary.org/). We created classes of images with the same content annotations and ranked the images by similarity to one or more query images drawn from one of those classes (Supplementary Methods). We measured success using the area under a receiver operating characteristic curve, in which retrieval rates for images from the desired class are compared to those for images from undesired classes. We obtained good results for many different patterns from both databases ( Fig. 1 ) even though The Cell contained images captured at different resolutions and from different microscope types. Increasing the number of images in the query improved result quality, as did using both positive and negative examples for the same total number of labeled images (Fig. 1b) . The images used in this second test were collected at 40× magnification. We obtained similar results when searching with downsampled versions to simulate a query with images collected at 10× magnification (Supplementary Fig. 2 ). Feature sets are also available to permit searching with three-dimensional images and time series.
OMERO.searcher is an open-source content-based image search tool for the cell and computational biology community. It has several useful applications, such as asking whether someone has previously observed a pattern similar to an unrecognized one or for finding examples of a particular pattern in other cell types or different modes of microscopy. To the Editor: Recent advances in fluorescence microscopy have enabled unprecedented progress in many areas of biology. With the technology to perform high-content image-based screens now accessible to many labs, the analysis of the resulting large and complex data sets has become a bottleneck. Existing image analysis platforms [1] [2] [3] (Fig. 1a and Supplementary  Fig. 1 ). PhenoRipper permits rapid and intuitive comparison of images obtained under different experimental conditions based on image phenotype similarity.
To minimize user input, PhenoRipper automatically identifies features from the images; users may only be required to modify default values of a few, visually interpretable, parameters. To increase speed, we chose a segmentation-free approach 4, 5 : the software breaks images down into a square grid of blocks [6] [7] [8] and performs analysis on these blocks rather than on individual cells. To capture heterogeneity, PhenoRipper identifies characteristic patterns of neighboring blocks and describes each image in terms of the occurrence frequencies of these patterns 6, 8 . Finally, a simple graphical user interface, PhenoBrowser, is used to tie together images, features and profiles. Profiles can be annotated or combined (for example, by experimental or replicate conditions) to help interpret and explore their visual grouping. These design choices let users analyze their images an order of magnitude faster than existing unsupervised platforms (Supplementary Fig. 2 ). PhenoRipper does not replace traditional single cell-based analysis approaches 2,9,10 as it does not quantify properties such as area or average nuclear biomarker intensity. Nevertheless, the statistical properties of subcellular-scale phenotypes captured by PhenoRipper can be sufficient to accurately group cellular perturbations and identify outliers (Supplementary Fig. 3a) .
PhenoRipper's engine performs four major steps ( Fig. 1a and  Supplementary Fig. 1 ). (i) PhenoRipper identifies foreground blocks. Images are gridded to a user-specified block size (20-30 blocks per cell works well), and blocks are selected when the intensities of >50% of their pixels exceed a foreground threshold. This threshold is precalculated based on a small subset of images (Supplementary Methods), but it can easily be changed by the user.
(ii) PhenoRipper identifies the most common foreground block types. To do this, it characterizes blocks by their distributions of assigned pixel colors and applies cluster analysis to classify them into different block types. This measurement is not sensitive to cell orientation and captures more information than simple averages (for example, a block with 50% red and 50% blue pixels would be different from a block with 100% purple pixels). (iii) PhenoRipper uses cluster analysis to identify superblock types, which represent the most common block type co-occurrence patterns within 3 × 3 block neighborhoods. The use of blocks and superblocks helps range of phenotypes, encompassing nontrivial population-level effects such as cell-type heterogeneity or local cell-density effects (Fig. 1c) . Although realistic synthetic data cannot replace true experimental data 6 , SimuCell can be a useful part of the algorithm developer's toolbox by generating rich, flexible test image data sets containing specified, parameterized 'biological' effects. 
